The voltage-gated potassium (Kv) channel family is one of the largest ion channel families in the human genome [5] . It is well known that Kv channels are widely expressed in excitable cells where they play a fundamental role in the generation and propagation of action potentials [6] . In addition to exhibiting activation in excitable cells, Kv channels also exist in non-excitable cells, such as alveolar epithelial cells [7] . Unlike neurons and myocytes however, recent studies have demonstrated that several subtypes of Kv channels in non-excitable cells may be involved in cell migration and wound healing [8, 9] , cell proliferation and cancer [10, 11] , and apoptosis [12] . A great deal of the voltagegated potassium (Kv) channels are considered to prompt cell proliferation [13] [14] [15] [16] [17] , including the Kv channels Kv1.3, Kv1.5, Kv3.3, Kv3.4 and Kv4.1. Moreover, accumulating evidence indicates that Kv channels distributed widely in a variety of cancer cells participate in cancer development and cell proliferation. However, how various Kv channels affect the cell cycle and cell proliferation remains indistinct.
KCNQ, one member of the voltage-gated potassium (Kv) channel group, encodes Kv7 channel. There are five subunits of this family, from Kv7.1 to Kv7.5, encoded by KCNQ1 to KCNQ5. Among these subunits, Kv7.1 primarily exists in cardiac cells and several epithelia [18] ; four other subunits (Kv7.2-Kv7.5) are fundamentally expressed in the nervous system [19] . Besides existing in the nervous system, Kv7 also locates on smooth muscle [20] , the skeletal muscle [21] , and myoblast [22] . Meritxell Roura-Ferrer indicated that the potassium channel Kv7.5 is involved in myoblast cell proliferation [22] . Moreover, the recent study identified strong expression of Kv7.5 in the CCL-183 Canine Osteosarcoma Cell Line and examined the hypothesis that Kv7.5 is involved in the regulation of cancer cells [23] . Nevertheless, no study has focused on the relationship between variations in KCNQ5 and lung cancer.
In the present study, we evaluated the association between SNPs in KCNQ5 and the susceptibility of lung cancer in a northeast Chinese population, and the results of this study may contribute to the lung cancer screening in the future.
MATERIALS AND METHODS

Study subjects and data collection
This hospital-based case-control study consisted of 833 lung cancer patients and 641 cancer-free controls. Patients were firstly confirmed as lung cancer by professional pathologists without previous chemotherapy or radiotherapy in the Fourth Affiliated Hospital of China Medical University. There were no gender or age restrictions. Meanwhile, controls were randomly recruited from the same hospital during the same period as frequency-matched cases according to age (±5 years), without lung cancer or lung cancer-related diseases. At the time of enrollment, each subject signed an informed consent form.
The data was collected from each subject in accordance with the following strict criterions: (i) 5 ml blood sample was collected from each participant; (ii) each participant was questioned by welltrained interviewers under a standardized questionnaire including tobacco exposure and demographic information; (iii) the definition of smoking exposure. Smokers refer to people who consumed more than 100 cigarettes in the lifetime, otherwise are non-smokers. Approval of the investigations was obtained from the Institutional Review Board of China Medical University.
DNA isolation and genotyping
Genomic DNA samples were extracted from venous blood of all subjects by Phenol-chloroform exaction method. Genotyping of KCNQ5 rs4706511 and rs9293902 was conducted using Taqman allelic discrimination assay from Applied Biosystems(Foster City, CA, USA). Primers and probes were also purchased from Applied biosystems. The PCR conditions included 95 0 c for 10 min, followed by 47 cycles of 92 0 c for 30s and 62 0 c for 1 min. An Applied Biosystems 7500 FAST RealTime PCR System (Foster City, CA, USA) was used to read the reacted results. The duplicates of 10% randomly selected samples were tested a second time by another investigator, and the results were 100% consistent to the the duplicate sets for the quality control purpose.
Statistical analysis
All statistical analyses were performed with Statistical Product and Service Solutions (SPSS) v13.0. The χ 2 test and Student's t-test were used to distinguish specific distribution of demographic variables and tobacco exposure between cases and controls. Hardy-Weinberg equilibrium (HWE) of the genotypes was tested by performing a goodness-of-fit χ 2 test among controls. Unconditional logistic regression analysis was used to calculate the odds ratios (ORs) with 95% confidence intervals (CIs) to evaluate associations of the SNPs with lung cancer. The stratified analyses were estimated by logistic regression models. All above analyses were adjusted by gender and age. All tests were two sided, and a value of P< 0.05 was considered statistical significant.
RESULTS
The studies' characteristics
The collected demographic characteristics of 833 cases and 641 controls in the present study were listed in Table 1 . Mean ages of cases (58.58±11.089years) and controls (58.90±11.260years) were almost identical, which was of no significant difference (P=0.899). There were significant differences in the distribution of gender and smoking status (P=0.005 and P< 0.001, respectively). Cases consisted of 493 adenocarcinomas, 207 squamous cell carcinomas, 94 small-cell carcinoma and 39 other tumors including a variety of different pathologies (including large-cell, mixed cell carcinomas and undifferentiated carcinomas). The association between SNP and lung cancer 
DISCUSSION
In the present study, we investigated the relationship between the genetic polymorphism (Kv7.5-rs4706511 and Kv7.5-rs9293902) and lung cancer risk in a Northeast Chinese population. After adjusted by age and gender, the results suggested that both GG genotype of rs4706511 and CC genotype of rs9293902 were closely associated with an increased risk of lung cancer, especially adenocarcinoma and small cell carcinoma. Considering that smoking exposure is a major environmental confounding factor for developing lung cancer, we performed the study stratified by smoking exposure. As a result, we found, stratified by smoking exposure, the relationships were more pronounced in no-smoking populations. However, there were no statistically significant results in smoking populations. One of the reasons may be that the expected results could be obscured by smoking exposure factor. Furthermore, because the functional significance of kv7.5 is not clear and the molecular mechanism of the genetic locus remains elusive, additional larger studies are needed to certify our findings.
To our knowledge, the molecular study of lung cancer becomes increasingly popular all over the world these years. Voltage-gated potassium (Kv) channels become increasingly important among the most diverse ion channel families as the development of patch clamp technology and the application of tumor cell membrane ion channels. In recent years, researchers have done their best to explore the potential role of Kv channels, however, the molecular mechanism and exact function remains indistinct. The latest probable explanation is that non-conducting mechanism contribute to proliferation rather than ion-flux mechanism [24] . Previous studies manifested for the first time that Kv1.3 and Kv1.5 are altered during smooth muscle carcinogenesis and showed that the increased expression of K1.3 and Kv1.5 prompt leiomyosarcoma aggressiveness [25] . Likewise, the result of previous study demonstrated that the specific knockdown of Kv9.3 decrease proliferation in human colon and lung carcinoma cells [26] . Moreover, many recent studies also indicated that the abnormal Recently, a study conducted by Bo Hyung Lee for the first time identified Kv7.5 in the CCL-183 Canine Osteosarcoma Cell Line and also demonstrated its anti-proliferative effect by upregulate kv7.5 [23] . Though the conclusion resulted from animal cell test, it provides significant biologically credible evidence to that kv7.5 is involved in the proliferation of cancer. Moreover, Bo Hyung Lee also revealed that Sp1 plays a important role in the regulation of Kv7.5 expression [23] . Similarly, we deemed the genetic variation in Kv7.5 as the alternative primary factor determining self expression.
In the present study, we found that GG genotype increase the risk of lung cancer in rs4706511 compared with AA genotype and CC genotype indicates more risk of lung cancer in rs9293902 in comparison with TT genotype. Though the exact molecular mechanism of Kv7.5 is still unclear, the results of the study provided clue for further study of Kv7.5.
Up till now, it is the first time to conduct molecular epidemiological study among the entire population to evaluate the correlation between Kv7.5 gene polymorphisms and lung cancer risk. The superiority of this study is its accuracy of data collections, as all the information were collected by well-trained interviewers, and all the cases were confirmed by professional pathologists. And the newly-diagnosed patients were selected as the cases, which could effectively avoid the Neyman bias. However, some limitations may exist in the present study. There are some environmental factors that, such as passive smoking, may not be considered.
In recent years, the Kv7 family is a newly emerging research focus on molecular epidemiology and as Kv7.5 has become the latest family member to be investigated, further studies are required to analyze relationships between alternative diverse genetic locus and susceptibility of lung cancer and evaluate its roles in development, proliferation and metastasis of lung cancer.
In conclusion, our study revealed that polymorphisms in KCNQ5 (rs4736511 and rs9293902) may increase the risk of lung cancer in a northeast Chinese population.
